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using the TOPﬂash reporter assay and also increased b-catenin levels
in OA Ob. Mineralization of OA Ob was reduced compared to normal
Ob. SOST inhibition corrected (cWnt) signaling pathway and abnormal
mineralization of OA Ob.
Conclusions: This is the ﬁrst demonstration that elevated SOST levels in
OA Ob are responsible, at least in part, for their reduced cWnt signaling
and abnormal mineralization. As SOST is a secreted soluble protein, this
could lead to potential new avenues of treatment of OA to correct their
abnormal bone phenotype and mineralization.
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LONG-DISTANCE PHYSICAL CONNECTIONS BETWEEN CHONDROCYTES;
CELL-TO-CELL SIGNALING WITHIN HYALINE CARTILAGE
M.D. Maya´n1, P. Filgueira-Ferna´ndez1, V. Landeira-Ameijeiras1,
N. Goyanes1, P. Brink2, F.J. Blanco1. 1Osteoarticular and Aging Res. Lab.,
Rheumatology Div., INIBIC-CHUAC, A Corun˜a, Spain; 2Dept. of Physiology
and Biophysics. State Univ. of New York, Stony Brook, New York, NY, USA
Purpose: Hyaline cartilage consists in a specialized extracellular matrix
containing chondrocytes residing in lacuna, which are separated from
each other by a distance between 5 to 30mm. In the same lacuna can
co-exit several chondocytes interacting between them. However, how
the chondrocytes from different lacuna interact between each other and
timely respond to physical or chemicals stimuli, are largely unknown.
Nonetheless, some evidences have suggested a lacuna/lacuna signalling
where several authors have observed interconnecting tracks within the
extracellular matrix. The purpose of this study was to investigate how
chondrocytes connect each other within the matrix. The capacity of
chondrocytes to respond timely to an insult should be critical to maintain
the dynamic of the tissue.
Methods: In situ cartilage from Sus scrofa and human were ﬁxed
and frozen immediately using Tissue-Tek O.C.T. and isopentanol in
liquid nitrogen. Samples were ﬁxed with acetone for confocal optical
microscopy assays. Samples were embedded in cacodylate buffer before
dehydratation for Scanning Electron Microscope (SEM). Gold was use
for coating. Frozen samples were also used for immunoﬂuorescence
and immunohistochemistry assays. For total RNA isolation, the proteins
and DNA were removed from cell extracts using TRIZOL® Reagent
(Invitrogene) before using the RNeasy Kit (Qiagen) which includes DNase
treatment (RNAse-Free DNAse Set). Quantiﬁcations were done using SYBr
green real-time PCR.
Results: We have found cell/cell physical connections between
chondrocytes located at different distance within cartilage. Using young
cartilage from Sus scrofa, we have observed that chondrocytes interacts
each other in the superﬁcial and middle layers. First results in human
have shown same cell/cell connections through all layers of cartilage from
healthy and osteoarthrosis patients (OA). We have found that intercellular
communication occurs through gap junctions formed by Cx43. Cultured
chondrocytes are well coupled and show voltage dependence typical
of Cx43 channels. Our preliminary results suggest differences in Cx43
expression and localization between chondrocytes from healthy and OA
cartilage that could explain the deterioration of cartilage in OA.
Conclusions: Using confocal optical microscopy and SEM we have
found that chondrocytes connect directly between each other across
the extracellular matrix through large cytoplasmic projections. Cell/cell
interactions point out the potential interest to keep the correct response
to stimuli in a tissue lacking of nerves and vessels. We have also found
that intercellular communication occurs through channels formed by
Cx43. Gap junction permeability allows the intercellular exchange of
small ions and molecules, some of which are crucially involved in
intercellular signal transduction.
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THE REGULATION OF TGF-BETA SIGNALING IN CHONDROCYTES
Y. Chi, K. Finnson, J. Antoniou, A. Philip. McGill Univ., Montreal, QC,
Canada
Purpose: Transforming Growth Factor-Beta (TGF-b) plays a critical role in
the growth, development, maintenance and repair of articular cartilage,
and deregulation of its activity is implicated in osteoarthritis (OA).
Articular cartilage is physiologically hypoxic therefore chondrocytes
have developed highly conserved adaptive mechanisms to survive this
environment. The progression of OA results in a decrease in extracellular
matrix (ECM) production and alteration in the environment surrounding
the cartilage tissue, thus providing different conditions for chondrocytes
to adapt. Although extensive research has been conducted in this ﬁeld,
the mechanisms involved the pathogenesis of OA is poorly understood.
Our previous work has shown that chondrocytes express two TGF-b type
I receptors, ALK5 and ALK1, which signal through the Smad2/3 and the
Smad1/5/8 pathway, respectively. In addition we have demonstrated that
ALK5 and ALK1 pathways elicit opposing effects on chondrocyte function,
and that the TGF-b co-receptor, endoglin, promotes the ALK1/Smad1/5
pathway. Furthermore, our preliminary results have demonstrated that
that oxygen tension may differentially regulate ALK5 versus ALK1
pathways. The purpose of the study was to determine the mechanisms by
which endoglin and hypoxia may modulate TGF-b signaling and action
in human chondrocytes.
Methods: Human articular cartilage samples were collected from femoral
condyles obtained from hip joint surgery from adult patients diagnosed
with OA. Normal cartilage (N) was collected from adult patients who
suffered traumatic joint injury, with no history of degenerative joint
disease. The collected tissue biopsies were (i) ﬁxed in a periodate-
lysine-paraformaldehyde solution for immunohistochemistry, and (ii)
snap frozen in liquid nitrogen and stored at −80 for cartilage extraction
for western blot analysis. Endoglin expression was examined in OA versus
N cartilage. The human chondrocyte cell line, C28/I2, was used as an in
vitro model to analyze the mechanisms involved in the regulation of
TGF-b signaling by hypoxia. Cells were exposed to hypoxia (<2% O2) or
normoxia for 2 hours or 48 hours and cell lysates were analyzed for the
expression and activation of TGF-b signaling components and production
of ECM components.
Results: Our results show that endoglin expression is upregulated in
OA compared to N cartilage. In addition, oxygen tension differentially
regulates ALK5/Smad2/3 and ALK1/Smad1/5 pathways. Importantly,
hypoxia increased the expression of HIF-1alpha, ALK5, Smad3, type II
collagen and decreased the expression of ALK1, Smad1 and endoglin.
Conclusions: Collectively, our results suggest that endoglin and oxygen
tension function as potential modulators of the ALK1 versus ALK5 TGF-b
signaling pathways in human chondrocytes. Identiﬁcation of factors such
as endoglin and hypoxia as regulators of TGF-b signaling and responses
in chondrocytes may provide a basis for the development of therapeutic
approaches for the treatment OA.
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EFFECT OF HYPOXIA ON CARTILAGE MATRIX GENE AND HEAT SHOCK
PROTEIN 70 EXPRESSION IN CULTURED CHONDROCYTES
T. Shinji, Y. Arai, R. Terauchi, K. Honjo, H. Inoue, M. Saito, O. Mazda,
T. Kubo. Dept. of Orthopaedics, Graduate Sch. of Med. Sci., Kyoto Prefectural
Univ. of Med., Kyoto, Japan, Kyoto, Japan
Purpose: Articular cartilage is physiologically hypoxic tissue due to its
avascular structure. The transcription factor hypoxia-inducible factor-
1alpha (HIF-1a) represents one important element in maintaining proper
cellular functions under hypoxic condition. As for chondrocytes, HIF-1a is
of great importance by promoting the synthesis of relevant extracellular
matrix components. On the other hand, heat shock protein70 (HSP70) is a
member of a family of highly conserved proteins which are synthesized
in cells after stress loading, and protects cells from various types of
stress. We reported that chondrocytes by transduction of HSP70 gene
were protected from cytotoxic stress. Recent study showed that hypoxic
stress led to an increase in the transcription factor HIF-1a in growth
plate of tibial dyschondroplasia, causing increases in the levels of HSP70.
However, in chondrocytes under hypoxic stress, the mechanism of
interplay between HIF-1a and HSP70 is still unknown. The objective
of this study is to investigate the effects of hypoxia on extracellular
matrix gene and HSP70 in cultured chondrocytes of rabbit, and to reveal
the role of HIF-1a and HSP70.
Methods: Primary chondrocyte cultures were established from rabbit
joints. The cells were cultured under 20% (normoxia), 1% (hypoxia)
oxygen, and simulated hypoxia (20% oxygen plus CoCl2 for chemical
inducer of HIF-1a) during 24hours, respectively, balanced with CO2
incubator. siRNA targeting HIF-1a (si-HIF-1a) was transfected into the
cells cultured under normoxic or hypoxic conditions to silence HIF-
1a. The mRNA levels of HIF-1a, HSP70, proteoglycan core protein (PG)
and type II collagen (Col II) were measured by quantitive real-time
reverse transcription polymerase chain reaction. Statistical signiﬁcance
was deﬁned as a p-value of less than 0.01 by Tukey’s test.
Poster Presentations / Osteoarthritis and Cartilage 19S1 (2011) S53–S236 S119
Results: The cells without siRNA or CoCl2 treatment were designated as
the untreated control cells. The untreated control cells under hypoxia
revealed a signiﬁcant increase in the HIF-1a mRNA levels compared
with cells cultured under normoxia. HIF-1a mRNA expression was
signiﬁcantly increased in chondrocytes cultured under simulated hypoxia
in comparison with the untreated cells under normoxia. Under condition
of hypoxia, si-HIF-1a reduced HIF-1a mRNA levels to about 15.2%
at 24hours after transfection, compared to non-targeting scramble
siRNA (si-neg) treated cells. The mRNA levels of HSP70, PG, and ColII
under hypoxia and simulated hypoxia were signiﬁcantly increased
in comparison with chondrocytes cultured under normoxia. Under
condition of hypoxia, the mRNA levels of HSP70, PG, and ColII, were
signiﬁcantly suppressed by si-HIF-1a transfection.
Conclusions: Up-regulation of HSP70 under hypoxia is part of the low
oxygen stress response seen in Drosophila, and mammalian tissues. Up-
regulation of heat shock factor (HSF), by which HSP70 are known to
be regulated, under hypoxia requires the activity of HIF-1a, the effector
of the low oxygen response. In this study, HIF-1a and HSP70 mRNA
expressions in cultured chondrocytes were signiﬁcantly increased under
condition of hypoxia and simulated hypoxia. These expressions were not
increased in chondrocytes by transfection with si-HIF-1a. These results
suggest that HSP70 might be transcriptionally regulated by HSF through
HIF-1a in cultured chondrocytes under hypoxia. We previously reported
that the expression of HSP70 had an important role for PG and ColII
synthesis with heat stimulation in rabbit articular cartilage. In this study,
the expression of HSP70, PG, and ColII in cultured chondrocytes were
signiﬁcantly increased under condition of hypoxia, and were increased
with CoCl2 under normoxia. But these expressions were not increased
under hypoxia in which HIF-1awas inactivated by si-HIF-1a transfection.
These ﬁndings suggest that PG and ColII gene might be regulated via the
HIF-1a and HSP70 pathway under hypoxia.
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DICKKOPF-3 CAN REGULATE CARTILAGE DEGRADATION AND
CHONDROCYTE CELL SIGNALLING
S.J. Snelling1, R.K. Davidson1, T.E. Swingler1, P.A. Hulley2, P.J. Andrew2,
I.M. Clark1. 1Univ. of East Anglia, Norwich, United Kingdom; 2Univ. of
Oxford, Oxford, United Kingdom
Purpose: To investigate the role of Dickkopf-3 (Dkk3) in
Osteoarthritis (OA).
We have previously shown that Dkk3 expression is increased in OA
cartilage and synovium. Additionally levels of Dkk3 in synovial ﬂuid
are in individuals with tricompartmental OA after arthroscopy. The
factors regulating Dkk3 expression in cartilage and the effect of Dkk3 on
chondrocyte function are poorly ascribed.
Correct regulation of cell signalling pathways is integral to cartilage
homeostasis and thus the prevention of OA pathogenesis. Dkk3 is a
member of the Dkk family of Wnt antagonists and therefore may impact
on chondrocyte biology through interaction with the Wnt pathway. Dkk3
has also been found to inﬂuence TGFbeta signalling in other cell systems
Methods: Expression of Dkk3 was assessed in primary human articular
chondrocytes (HACs) following treatment with interleukin-1 (IL1)
and oncostatin-M (OSM). The effect of Dkk3 on IL1/OSM-induced
proteoglycan and collagen release from bovine nasal cartilage explants
and primary human chondral explants was assessed using the DMMB
and hydroxyproline assays. SW1353 chondrosarcoma cells were treated
with Dkk3 +/− Wnt3a or TGFbeta and TOPFlash and CAGA luciferase
reporters used to measure Wnt and TGFbeta signalling respectively. RNA
was extracted from primary HACs treated with Dkk3 +/− TGFbeta or
Wnt3a. ADAM12 and TIMP3 expression were measured to assess TGFbeta
signalling and AXIN2 expression measured to assess Wnt signalling.
Results: Dkk3 expression was decreased in primary HAC following
IL1/OSM treatment. In bovine nasal cartilage explants, IL1/OSM-induced
proteoglycan release was inhibited by Dkk3. Dkk3 antagonized canonical
Wnt signalling, decreasingWnt3a-induced AXIN2 expression andWnt3a-
induced luciferase expression from the TOPFlash reporter. Interestingly,
Dkk3 appears to enhance TGFbeta signalling, increasing TGFbeta-induced
TIMP3 and ADAM12 expression and TGFbeta-induced luciferase from the
CAGA-luc reporter
Conclusions: OA pathogenesis is likely regulated by a multitude of factors
relating to cell signalling including the balance of cytokines present in
the articular joint. Dkk3 expression is increased in OA but we have found
that it can still be regulated by OA-relevant cytokines IL1 and OSM. This
suggests a balance of Dkk3 effects depending upon the biological stimuli
within the cartilage. Dkk3 may act in a protective role in the presence of
inﬂammatory cytokines as exempliﬁed by its ability to inhibit matrix loss
from chondral explants. Furthermore the ability of Dkk3 to antagonize
Wnt signalling and enhance TGFbeta signalling implies that Dkk3 could
inﬂuence multiple OA-relevant processes and be important in cartilage
development and homeostasis.
246
CYTOKINE INDUCED MULTIMERIZATION OF SYNDECAN-4 IS
MEDIATED BY GAG SIDE CHAINS
L. Godmann1, A. Stratis1, C. Cromme1, F. Echtermeyer2, T. Pap1,
J. Bertrand3. 1IEMM, Muenster, Germany; 2Univ. Hosp. Hannover, Hannover,
Germany; 3Queen Mary Univ., London, United Kingdom
Purpose: Syndecan-4 (SDC4) is a transmembrane heparan sulphate
proteoglycan, which can act as a membrane receptor constituting binding
sites for an array of ligands, such as TGF beta. Although it has been shown
that SDC4 binds a variety of extracellular ligands, the exact mechanisms
concerning SDC4 signaling are still unknown. As we could show in our
previous study, the antibody-mediated blockade of SDC4 function as
well as its complete loss leads to protection of osteoarthritis induction
and cartilage degradation in mice. Thus, we investigated the underlying
mechanisms leading to reduced cartilage destruction in osteoarthritis.
Methods: In order to elucidate SDC4 signaling, different side chain
mutants were designed using overlap PCR. We mutated the serine
residues, which constitute the heparan sulphate attachment sites to
alanine, to abolish side chain attachment. Laser scanning ﬂuorescence
microscopy of transient transfected Cos-7 cells was performed to ensure
membrane localization of generated mutants. The multimerization
pattern of different mutants was analysed using crosslinking upon
cytokine stimulation and subsequent western blot analysis.
Results: All side chain lacking SDC4 mutants exhibited normal
intracellular trafﬁcking into the cell membrane. While wildtype SDC4
shows normal multimerization, the side chain mutants exhibited an
impaired tetramer formation. We showed that SDC4 is known to be
expressed as a monomere and shows dimer formation upon cytokine
stimulation. Interestingly, the side chain lacking mutants were less able
to form dimers than the wildtype.
Conclusions: We could show that side chains are essential for
multimerization. Moreover, our results demonstrate that cytokine
stimulation promotes the multimerization process. Therefore, SDC4
multimerization might be an important step in signal transduction
during osteoarthritic cartilage damage.
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FIBRONECTIN FRAGMENT ACTIVATES AKT LEADING TO NF-úB
UP-REGULATION IN OSTEOARTHRITIC CHONDROCYTES
T. Yasuda. Tenri Univ., Tenri, Japan
Background: Increased ﬁbronectin fragments are thought to contribute
to joint destruction in osteoarthritis (OA). However, the mechanism
whereby ﬁbronectin fragments cause catabolic activities is not totally
understood. While COOH-terminal heparin-binding ﬁbronectin fragment
(HBFN-f) has been shown to activate nuclear factor (NF)-úB pathway,
intracellular upstream events that cause NF-úB up-regulation in response
to HBFN-f remain unclear.
Purpose: This study was aimed to elucidate the involvement of
phosphoinositide-3-OH kinase (PI3K)/Akt pathway in NF-úB activation
by HBFN-f in OA chondrocytes.
Methods: Chondrocytes isolated from articular cartilage from OA knee
joints were cultured in monolayer with HBFN-f. Secreted levels of nitric
